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INTRODUCTION  
 
Concrete is a solid material which widely been used nowadays in construction industry. 
This solid material is produced when cement, coarse aggregate, fine aggregate, water and 
admixture are mixed thoroughly. Concrete is becoming a favourite choice because its basic 
ingredients are easily found, require little maintenance service, easy to handle, most economical 
material, good in compression, durable and good fire resistance.  
Concrete is produced when cement, coarse aggregate, fine aggregate, water and 
admixtures are mixed thoroughly. Concrete is defined as a good quality concrete when it enables 
to achieve good strength and durability (Neville, 2011). Good strength is achieved when concrete 
can sustain the maximum load. Meanwhile, good durability is achieved when concrete can resist 
attack from aggressive ion which delivered externally and internally. 
Good quality concrete can be produced by using several methods. One example is 
utilization of pozzolanic material. According to ASTM 618-94a, pozzolans is siliceous or 
siliceous and aluminous material which in itself possesses little or no cementitious value but will, 
in finely divided form and in the presence of moisture, chemically react with calcium hydroxide 
at ordinary temperature to form compounds possessing cementitious properties. 
Recently, pozzolanic material like fly ash, silica fume and ground granulated blastfurnace 
slag has been widely used in construction industry. Moreover, pozzolanic material has some 
benefits such as it can encourage the application of natural waste product and for environmental 
conservation (Sampaio, 2000). This is due that generally pozzolanic material is produced from 
by-product waste. Normally these pozzolanic materials functioning as cement replacement 
material which substitute a part of cement content. 
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VARIOUS TYPES OF POZZOLANIC MATERIAL 
 
Portland Pozzolan Cement 
 
This cement is produced when Ordinary Portland cement is ground with pozzolan materials. The 
material is recognised as pozzolanic material when the combination of silicon dioxide (SiO2), 
aluminium oxide (Al2O3) and iron oxide (Fe2O3) has a total over 70% as stipulated by ASTM 
C618-78 (Udoeyo and Dashibil, 2002). On the other hand, Elinwa & Mahmood (2002) has stated 
that appropriate burning has been applied when the pozzolanic material attained sulfur trioxide 
(SO2) and loss of ignition (LOI) composition below 5% and 6% respectively. Normally this 
cement provides a high in strength at later ages. BS 6588:1991 describes Portland - Pozzolan as 
cement that contains fly ash (Neville & Brooks, 2010). This standard allows less than 40% by 
mass of fly ash content in Portland - Pozzolan cement. Portland-pozzolan cement will develop 
strength at slow rate and require a longer period time for curing (Neville, 2011). As curing is 
longer, the higher strength is achieved.  
 
Fly Ash 
 Fly ash is obtained by electrostatic or mechanical, which is an inorganic product of coal-
fired power plants (Mindness et al., 2003). According to Mehta & Monteiro (1993), this ash 
familiar with name Pulverised Fuel Ash (PFA) in UK. Utilisation of fly ash or PFA was 
proposed in 1914 (Nuruddin, 1992). The fly ash particles are spherical and have same fineness as 
cement. About 12.5 percent of ash is retained at 45 µm mesh in sieve. This ash can be used as 
component of blended Portland cement or as mineral admixture in concrete.  Fly ash possesses 
various properties which depending on its source; that is the types of coal (Larrard, 1999). 
However, only 6 percent or 25 million tonnes from 450 million in current annual 
production of fly ash is utilised as pozzolans in concrete mixtures (Mehta, 1999). Fly ash is less 
than one-half the price of cement (Mindess et al., 2003). For commercial use, the percentage of 
ash is limited to 15%-20% by mass of total cementitious material (Mehta, 2004). This study also 
has identified that this amount is only sufficient for satisfying in concrete cost and workability 
and not for durability of concrete. However, according to Lam et al (1998), fly ash can be used 
as cement replacement material as low volume fly ash (about 20%) and high volume fly ash 
(more than 50%) of total mass for binder material.  On the other hand, Basri et al. (1999) have 
conducted studies which used fly ash as cement replacement material. They found that concrete 
with 10% replacement of fly ash had a greater in compressive strength than that of 15% 
replacement. But at early stage, reduction in compressive strength was found for concrete with 
fly ash compared to concrete without fly ash. Thomas et al (1999) and Lam et al. (1998) do 
agree with Basri et al. (1999). Hassan et al. (2000) also reported that concrete with fly ash in 
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their study obtained same compressive strength with OPC concrete at 28 day but achieved higher 
strength at age 1 year.  The short period of curing time does affect the strength of concrete with 
fly ash (Toutanji et al., 2004). This is due to slow pozzolanic reaction for fly ash concrete. 
According to Shafiq & Cabrera (2004), concrete with fly ash does require longer period of wet 
curing to produce good concrete.  Li (2004) identified that short period of curing does increase 
the porosity of fly ash concrete. 
 
Silica Fume 
 
Silica fume is also recognised as microsilica or condensed silica fume. It was utilised as 
pozzolanic material in 1969 at Norway (Toutanji & El-Korochi, 1995). Then, it was used in 
North America and Europe at early 1980’s.  It is a by-product manufacture of silicon and 
ferrosilicon alloys from high-purity quartz with coal in electric furnaces. This material contains 
85% to 98% silica (SiO2), spherical particle and amorphous (Nikam & Tambvekar, 2003). These 
particles consist of very fine particles with a surface area 20,000 m2/kg those 100 times smaller 
than that of cement particles. The specific gravity is 2.20 which lower than that of specific 
gravity of cement. It also has very low bulk density 200 to 300 kg/m3. In the US, silica fume is 
produced in about 200,000 tonnes (Mindess et al., 2003). Concrete containing silica fume will 
achieve a higher strength at early age (Mazloom et al., 2004). Silica fume also reduces creep 
deformation in concrete (Larrard, 1999). 
The employment of silica fume in concrete lead into higher strength of concrete 
compared to concrete without silica fume (Atis et al., 2005). Speare et al. (1999) found that for 
concrete containing silica fume, the compressive strength for 5% silica fume is higher compared 
to that of 10% of silica fume and control concrete (without silica fume). Furthermore, Toutanji et 
al. (2004) have conducted a study which used different percentage of silica fume as cement 
replacement material in concrete mixture and recognised that 8% replacement, achieved a 
highest compressive strength compared to that of 10% and 15% replacement. According to  Al-
Amoudi et al. (2009) and Nehdi et al. (2003), concrete with 7.5 % silica fume as cement 
replacement material in concrete has acquired higher compressive strength at 28 days compared 
to control concrete (without silica fume). In addition, Khaloo & Houseinian (1999) conducted a 
study on concrete mixed with locally produced silica fume. They found that 5 to 10 % 
replacement silica fume of cement achieved a highest strength for short and long term period. 
Sabir (1997), Nehdi et al. (2003) and Mazloom et al. (2004) have attained highest compressive 
strength of concrete with replacement of 10 % silica fume, 12.5 % silica fume and 15 % silica 
fume in concrete respectively. In addition, Al-Amoudi et al. (2009) stated that as water-cement 
(w/c) ratio of concrete mixes increases; its compressive strength also decreases. 
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Ground Granulated Blastfurnace Slag 
 
Blast furnace slag is produced from metallurgical processes either from ore metal 
production or refinement of impure metals (Bilim et al., 2009). In concrete, the slag that has been 
used is from blast furnace production of iron from ore. According to Cheng et al. (2005), the 
Ground Granulated Blast Furnace Slag (GGBS) is formed when large-size of blast furnace is 
grounded about the cement particles size.  
 The particles had an impervious coating of amorphous silica and alumina, which may 
delay reaction between quenched glass and water, and calcium hydroxide or NaSiO3 is needed as 
an activator (Cheng et al., 2005). Also, Babu & Kumar (2000) have reported that reactive glass 
content and fineness of this slag itself will influence its cementitious or pozzolanic efficiency. 
On the other hand, Wan et al. (2004) have identified that different grinding techniques when 
producing slag played an important role which much influence its geometric characteristics and 
particle size distribution although it had same surface area. 
 
Palm Oil Fuel Ash 
 
Palm Oil Fuel Ash (POFA) is introduced by Abu from Universiti Teknologi Malaysia 
(UTM) in 1990 (Abdullah et al., 2006). He has discovered that this material is a pozzolanic 
material. From that moment, POFA has attracted some researchers such as Tay (1990), Kartini 
(2001), Sata et al. (2004) and Tangchirapart et al. (2007) for conducting study on utilisation of 
POFA in concrete.  
 POFA is produced about 5% by weight of solid wastes after combustion (Sata et al., 2004). 
Generally POFA had various colour from whitish grey to darker grey which depending on its 
carbon content (Abdullah et al., 2006). As unburnt carbon increased, the POFA become darker. 
The operating system in palm oil is much affected by the physical characteristics of POFA. This 
waste material has been identified containing pozzolanic properties which have the ability as 
replacement materials in cement that lead into durable concrete (Awal & Hussin, 1997). In 
addition to that, POFA is finer than that of cement Portland and has lower specific gravity which 
is 2.22. Original POFA or unground POFA is recognised as pozzolanic material with low 
pozzolanic reaction and not appropriate as cement replacement material (Sata et al., 2004 and 
Jaturapitakkul et al., 2008). This is due to large particle size of POFA and its porous structure. 
Nevertheless, the pozzolanic reaction in concrete containing POFA can be enhanced by grinding 
it (Jaturapitakkul et al., 2008). 
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Rice Husk Ash  
 
Rice husk is a continuous source of agricultural waste material and hence had attracted many 
studies to be conducted on this material. Rice husk is also known as rice hull which its shells are 
produced during the dehusking operation of paddy rice. Two hundred kilogram of husks is 
produced from each tonne of paddy rice and 40 kg ash is produced from combustion (Mehta & 
Monteiro, 1993). This ash is a natural waste product and consisting very high silica content 
(Ikpong & Okpala, 1992). Mindess et al. (2003) also stated that rice husks contained 20% weight 
of silica higher than that of any crop and moreover, Nair et al. (2008) stated that RHA containing 
highest percentage of silica compared to those plant ashes. Shoaib & Waliuddin (1996) reported 
that based on studies from University of California at Berkeley, they have identified that silica of 
soil migrates in the plant in shape of monosilicic acid which is concentrated by evaporation. 
Under Scanning Electron Method (SEM), it is clearly shown the dispersion of silica throughout 
cellular structure of the husk. It is also reported that husk is grey or white in colour when fully 
burnt and blackish when partially burnt. 
 According to Paya et al. (2001), RHA is a waste material which consist highly reactive 
pozzolanic material. It is very suitable for pozzolana-lime mixes and used as Portland cement 
replacement material. This ash is produced by slow firing at temperature between 500 to 700 0C 
in process to remove the organic matter and an amorphous material with porous structure 
(Neville, 2011).  Nair et al. (2008) reported that to produce reactive RHA, the preferred burning 
temperature is between 500 to 700 0C and required about 12 hours for burning period. According 
to Neville (2011), the specific surface of RHA is high as 50 000 m2/ kg and particle size range 
from 10 to 75 µm. It has a high water demand unless it is interground with clinker. This process 
will break down the porous structure. Apart from that, this ash has an ability to contribute an 
early strength. 
  
CONCLUSIONS 
It is evident that application of pozzolanic materials from various types of materials could 
beneficial to performance of concrete. There are many types of pozzolanic material available and 
to apply it as an admixture to concrete, the characteristics of these materials must be fully 
understood. Thus, it is hopefully that this book will contribute to some guidelines on how to 
handling these materials and to predict their performance in concrete. 
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